A ngiocentric glioma, first identified in 2005, is a rare type of brain tumor that predominantly affects children and young adults. 4, 9 In 2007, the WHO Classification of Tumours of the Central Nervous System 5 officially recognized this tumor as a distinct clinicopathological entity where it was grouped with astroblastoma and chordoid glioma of the third ventricle in the category of "other neuroepithelial tumours." It was classified as WHO Grade I due to its benign clinical behavior and possibility for a surgical cure.
officially recognized this tumor as a distinct clinicopathological entity where it was grouped with astroblastoma and chordoid glioma of the third ventricle in the category of "other neuroepithelial tumours." It was classified as WHO Grade I due to its benign clinical behavior and possibility for a surgical cure. 1 To date, approximately 65 cases of angiocentric glioma have been reported in the literature. 6 A majority of the cases exhibit similar MRI features as well as histopathological characteristics. MRI features include hyperintensity on T2-weighted and FLAIR images without contrast enhancement. 6 Histopathological characteristics include monomorphous bipolar cells, an angiocentric growth pattern, and features of ependymal differentiation with dot-like staining for epithelial membrane antigen (EMA). In addition, a majority of the tumor cells exhibit immunoreactivity for GFAP, S100 protein, and vimentin but not for neuronal antigens. 1, 6 The vast majority of angiocentric gliomas are located supratentorially, with the most common tumor locations including the frontoparietal cortex and the temporal lobe, specifically the hippocampal region. A majority of patients present with refractory epilepsy as the chief complaint. 6 To date, only 1 case of angiocentric glioma located in the brainstem has been reported in a 3-year-old patient. 3 In this report, we present the unique cases of 2 pediatric patients diagnosed with angiocentric glioma localized to the brainstem. The clinical course, radiological and pathological features, treatment, and follow-up are described, with the goal of adding to the limited knowledge that exists on the characteristics, treatment, and prognosis of brainstem angiocentric glioma.
Physical examination revealed a left abducens nerve palsy and papilledema. Brain MRI revealed a nonenhancing midbrain lesion with low T1 signal ( Fig. 1A and C) and high T2 signal (Fig. 1B) that was causing aqueductal obstruction and ventriculomegaly. A small portion of the aqueduct could be seen posterior to the lesion; therefore, the lesion was considered a tegmental lesion rather than a tectal lesion. After undergoing stereotactic endoscopic biopsy of the midbrain lesion and endoscopic third ventriculostomy (ETV), the patient was observed with serial imaging and ophthalmological examinations. She remained stable until 6 months after the initial diagnosis, when she developed progression of symptoms, specifically development of dorsal midbrain syndrome. MRI at that time revealed a 20% increase in tumor size. She was then treated for 6 months with a monthly dose of carboplatin, which unfortunately yielded little therapeutic effect. The decision was then made to perform a craniotomy for tumor resection. A posterior, interhemispheric transcallosal approach with microsurgical and stereotactic volumetric near-total resection of the midbrain tumor was completed.
Pathological Examination
Pathological examination of the initial biopsy specimen revealed a low-grade glial neoplasm with ependymal and astrocytic features and low Ki-67 proliferation index. The tumor was classified as a low-grade glioma (WHO Grade II). Histological study of the resected specimen revealed a glial neoplasm composed of a monomorphic population of tumor cells with "crisp" nuclear chromatin and minimal anaplasia, which has been recently described in the angiocentric glioma ( Fig. 2A) . The tumor demonstrated a prominent "angiocentric" growth pattern ( Fig. 2B ) and strong, especially perivascular, reactivity for GFAP (Fig.  2C ). Dot-like EMA immunoreactivity was focally present (Fig. 2D ). Neurofilament protein (RMdO 20) and synaptophysin demonstrated mature (presumably native) neurons and axonal processes but were negative in tumor cells. Mitotic activity was not readily identified, and the Ki-67 labeling index was approximately 5%. No evidence of microvascular proliferation or necrosis was identified. The tumor was diagnosed as a low-grade glioma with features consistent with angiocentric glioma. Molecular testing was negative for BRAF V600E mutation. Our pathologist reviewed the original biopsy specimen at the time of the resection specimen and concluded it was identical.
Postoperative Course
The initial postoperative course was complicated by altered mental status, cranial neuropathy, and gait abnormalities; however, the patient's neurological examination findings and functional status vastly improved in the months after surgery with the help of physical and occupational rehabilitation. After resection and analysis of the pathological specimen, no further chemotherapy or radiotherapy was recommended. The patient has been observed with yearly MRI studies for 6 years, with the most recent MRI study revealing minimal, stable residual brainstem tumor (Fig. 3) . At her most recent visit, the patient's neurological examination showed stable cranial neuropathies and gait abnormalities. 
Case 2

History, Examination, and Operation
A previously healthy 6-year-old boy presented with mouth drooping progressing over 1.5 years and issues with balance progressing over a period of 6 months. Physical examination revealed mild hemiparetic gait and left facial nerve palsy. Brain MRI revealed a diffuse nonenhancing pontine lesion with a large exophytic component projecting into the rostral fourth ventricle, producing only minimal ventricular enlargement. The lesion also extended into the right inferior and the right middle cerebellar peduncles. Imaging features were consistent with a diffuse pontine glioma (Fig. 4) . The patient underwent a stereotactic biopsy of the lesion and ETV.
Pathological Findings
Microscopic examination of the biopsy specimen revealed a tumor with a distinctive angiocentric growth pattern composed of monomorphic round to spindled tumor cells displaying "crisp" nuclear chromatin (Fig. 5A) . Tumor cells and tumor cell processes were diffusely reactive for GFAP (Fig. 5B) . Dot-like EMA (Fig. 5C ) and CD99 (Fig. 5D ) reactivity were present in the tumor cells. Neurofilament protein (RMdO 20) showed evidence of mature infiltrated neurons and axonal processes but was negative in tumor cells. Mitosis, microvascular proliferation, and necrosis were not identified. The Ki-67 labeling index was low (approximately 3%). The tumor was IDH1 negative. A diagnosis of low-grade glial neoplasm with features of angiocentric glioma was rendered. The tumor was negative for BRAF V600E mutation.
Postoperative Course
The patient has undergone follow-up with serial imaging for 1.5 years with no radiographic evidence of progression.
Discussion
Angiocentric glioma is a rare, low-grade brain tumor that was first described in 2005 in 2 separate series that included 18 cases in total. 4, 9 Following these original descriptions, the tumor was officially recognized by the WHO Classification of Tumours of the Central Nervous System in 2007 and placed in the category of "other neuroepithelial tumours." It was classified as WHO Grade I due its indolent clinical behavior, absent mitoses, low proliferation index, and possibility for a surgical cure via resection.
1 A review of the literature revealed 65 reported cases of angiocentric glioma. [2] [3] [4] 6, 8, 9 Of the reported cases, patient age at surgical treatment of these tumors ranged from 2 to 70 years old; however, with a median age of 16.0 ± 14.3 years, it is evident that the disease predominantly affects children and young adults. 6 The male/female ratio was approximately 1.5:1, and of the 59 patients in whom clinical features were described, 88% presented with intractable epilepsy. A majority of the cases shared common imaging findings including hyperintensity on T2-weighted and FLAIR MRI sequences as well as no contrast enhancement after gadolinium administration. 4, 6 The characteristic histological feature of angiocentric glioma is an angiocentric growth pattern of bipolar spindle cells. The tumor cells are immunoreactive for GFAP and vimentin, but negative for neuronal antigens and IDH1R132H muta- 
tion.
6,7 A majority of the tumors exhibit a dot-like perinuclear cytoplasmic staining for EMA, which is consistent with the ependymomatous features of angiocentric gliomas. 6 In addition, angiocentric glioma classically exhibits a low proliferation index, with 89% of the reported cases having a Ki-67 index of ≤ 5%. 6 Clinically, these tumors have continued to demonstrate indolent behavior as originally described in the 2007 WHO report. Even with subtotal resection, patients have done remarkably well, with many patients living seizure-free lives after surgery. 6 There is only 1 case reported in which the patient experienced recurrence with an anaplastic (WHO Grade III) lesion and died shortly thereafter.
9
Angiocentric gliomas almost exclusively involve tumors of the cerebral hemispheres. Prior to this case report, there was only 1 case reported of an angiocentric glioma involving the brainstem. In 2009, Covington et al. described the case of a 5-year-old girl who presented with gait instability and subtle cranial neuropathies and was found to have an exophytic midbrain tumor and obstructive hydrocephalus. 3 The patient underwent ETV and craniotomy with an interhemispheric transtentorial approach for resection. Surgeons achieved a subtotal resection of the tumor without causing any new neurological deficits. Pathological analysis of the tumor specimen revealed monomorphous bipolar spindle cells with GFAP immunoreactivity and dot-like cytoplasmic staining for EMA. After 2 years of follow-up with serial imaging, the small amount of residual tumor showed no sign of progression.
In this report, we described the unique cases of 2 pediatric patients with angiocentric gliomas involving the brainstem. Both tumors exhibited the characteristic radiographic and histological features of angiocentric gliomas but were unique in their location and presentation. Our patients were treated differently, one with ETV and resection and the other with ETV and serial imaging to monitor for tumor progression. Both patients have remained stable over a period of several years, supporting the indolent course of this disease. In addition, the first case in this report included 6 years of follow-up for our patient whose case was very similar to that presented by Covington et al. 3 This extended follow-up further supports an indolent course to this disease and augments the original knowledge gained from the 2 years of follow-up reported by Covington et al.
In summary, the cases described in this report further support the need, as first suggested by Covington et al., 3 for inclusion of angiocentric glioma in the differential diagnosis of brain neoplasms occurring outside the cerebral hemispheres and presenting with symptoms other than refractory epilepsy. Brainstem tumors with features consistent with a diagnosis of angiocentric glioma may represent a distinct entity within the spectrum of low-grade gliomas affecting the brainstem and/or posterior fossa in the pediatric population. The location of these tumors presents a challenge to the neurosurgeon in terms of resectability; however, the cases described in this report as well as the case described by Covington et al. reveal positive clinical outcomes even with near-total or subtotal resection of the tumor. These outcomes support an indolent nature of brainstem angiocentric gliomas similar to angiocentric gliomas of the cerebral hemispheres. The first patient in this report has 6 years of follow-up; however, continued long-term follow-up of both patients is needed to ensure that the tumors continue to behave indolently.
